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Abstract
Let Me Check My Notes: Using Interactive Notebooks to Increase Retention of Basic Math Facts
By
Chelsey Miller
Master of Arts in Teacher Leadership
Saint Mary’s College of California, 2022
Chantal Mace, Research Advisor
Research shows that mathematics is a growth area for many students, suggesting a need for
additional supports to aid in retaining the information learned. Explicitly teaching study skills,
specifically notetaking, is necessary to improve success on assessments. The goal of this action
research program (ARP) was to investigate whether the use of interactive notebooks would
increase the mathematical retention of foundational math skills. Participants completed three
assessments, a Unit 1 Practice Test without their notebooks, a Unit 1 Test with their notebooks,
and a Unit 2 Test with the choice of using their notebooks. The data suggests that the use of
interactive notebooks had a positive impact on students' test scores and attitudes about math
tests.
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Chapter I
Introduction
“I am just not a math person.” “I cannot do math.” “I do not have a math brain.” These
are some of the many fixed mindset statements I have heard over the last decade of teaching. I
hear them from students every year. I also hear similar statements from countless adults when
asked what I do/teach. My response is, “that’s not true, we are all mathematicians, or “I wish you
were in my class so we could shift that mindset.” This resignation about math capabilities is
especially problematic when I hear other educators make these statements because that tells
students that you either are good at math or you are not. My belief is that this is not how the
world works, you can always learn. One way I worked to change fixed mindsets and make
mathematical comprehension more meaningful in my classroom is through strategic notetaking
in interactive notebooks. According to research done in a different Algebra 1 class, the use of
notebooks was beneficial to students in deepening their understanding of mathematics (Drew,
2018). The researcher states, “that the students gained new skills to solve algebraic equations
while also relating the algebra content to their lived world experiences (Drew, 2018, p. 113).
This study aimed to explore whether the use of interactive notebooks in an Algebra 1
class will increase the retention of basic math facts and decrease the amount of small math errors
on assessments. At my school site, assessments are worth 40% of students’ grade. When students
see that they can do well on a test and get a good grade, it often motivates them to keep working
hard. As a result, their mindset shifts away from, “I can’t” into “I can”. This action research
study compared the results of students’ assessment when they used their interactive notebooks
with when they did not. The reflection data that was collected on the Exit Ticket helped to
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understand how the students felt about the process and whether or not they found the notebooks
helpful.
Statement of the Problem
At the time of the project, I was an Algebra 1 teacher, serving mostly freshmen with a
sprinkle of sophomores, in Northern CA. I have been teaching math for 10 years. Over the years
I have noticed that students do well in my class but are not able to duplicate their success in
subsequent math classes. The lowest level high school math class at my site is Algebra 1, having
only Algebra 1 as an option does not set all students up for success. About 30% of my students
do not pass 8th grade math and/or any middle school math class, and they are forced to take
Algebra 1 in 9th grade. Students are also placed into cohorts in the middle school and the top
20% take Algebra 1 in eight grade and move onto geometry in ninth grade, which means that
80% do not advance to Geometry as freshmen. This tracking inequity continues to keep these
students (within the 80th percentile) from mathematical success. Giving students the tools, they

need to be successful has been an important aspect of my approach to teaching math, and
historically students have shown significant growth in their mastery of content in my
class. I used this action research project as a way to investigate and document the impact
of one of those tools, interactive notebooks, on students’ learning.
As the first high school math class, I want to set students up for long-term success. The
class does goal setting and goal monitoring every quarter, student’s track their progress, and
celebrate the wins; big or small. Two years ago, I started using interactive notebooks, because it
was required for all ninth-grade teachers. I was just checking a box; I was not purposeful in my
implementation. Through my research, I found that many science classrooms use interactive
notebooks and find great success. One study shared how students use their notebooks to both
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process information independently, in small groups, and with the whole class. The authors
surmised that, “In this way, the notebook is facilitating interactions and scientific discussions
within the classroom” (Kevin Mason & Heather Bohl, 2017). Mason and Bohl (2017) also
pointed out that the interactive notebooks could be used to document the learning process for
each individual student. I wanted to find out if I were more intentional about how I implemented
interactive notebooks, like how they are used in science, would I see an increase in content
retention and buy-in from students to do the classwork in their notebooks. My hope was that if I
were intentional about showing where basic math skills—such as adding, subtracting,
multiplying, and dividing integers, fractions, and decimals— show up in the Algebra 1 content
and explicitly track that in the interactive notebooks I would see a decrease in these small math
errors on summative assessments.
Purpose of the Research
The purpose of this research study was to determine if the use of interactive notebooks in
an Algebra 1 class would decrease small math errors from a Unit 1 summative assessment, where
they could not use their notebooks, to a Unit 1 retake, where they can use their notebooks. I also
plan to collect data from their Unit 2 summative assessment, where they could choose to use
their notebooks to ensure the hypothesis was accurate.
At the national level, math is a growth area for many learners. The United States is
generally very low in math proficiency (Pew Research Center, 2021) which is problematic for a
developed country. The state of California, specifically, is below the national level in math
proficiency. The Smarter Balanced Assessment Consortium (SBAC) data for the 2018-2019
school year showed that less than 40% of students across the state of California, met or exceeded
the mathematical standards in their grade level. When data are broken down by ethnicity, it is

3

evident that White students are above 50%, over 10% higher than the state average, while Black
and Brown students are below 30%, over 10% lower than the state average (Smarter Balanced,
2022). There are many factors that play into this statistic. Students of color are more likely to be
under-resourced at home as well as at school. In their 2017 research report, Darling-Hammond
and Carver-Thomas assert, “Turnover rates are 50% higher for teachers in Title I schools, which
serve more low-income students. Mathematics and science teacher turnover rates are nearly 70%
greater in Title I schools than in non-Title I schools” ( 2017, p.13). These authors go on to
further state that schools that serve students of color often experience a “revolving door of lessexperienced teachers” (2017, p. 14). From personal experience, I believe that teaching growth is
exponential. The longer a person does something the better they get at it, but time after time
students of color in Title 1 schools miss out because teachers do not stay long enough to further
develop their efficacy as educators.
Unfortunately, the data were no different at my school. During the time of my research,
my school was 86% Latino, 8% Black, 2% white, and 4% other. During the 2018-2019 school
year, 98% of the students entering Algebra 1 were not meeting the eighth-grade math standards
(School Website, 2021). I predicted that this statistic would stay the same for the 2021-2022
academic school year due to the ongoing COVID-19 pandemic given that the school had spent
an entire year online. I know first-hand that students were distracted by myriad other issues,
which made it difficult to measure retention of math facts. If this issue is not addressed, there
will be a generation of students who cannot recall basic math facts needed for daily life. This
especially affects students who choose to go to college because they will be required to take noncredit bearing courses. These remedial courses also stop them from taking courses needed for
their major, which prolongs graduating and increases the cost. All of these barriers, ultimately,
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keep students of color without degrees, which contributes to generational poverty in historically
marginalized communities. It is a vicious cycle. According to the U.S. Department of Education,
41% of students graduate, in four years, from the first college they attend. Black and Brown
students are often below the average, while their White and Asian peers are often above the
average (National Center for Education Statistics, 2021). Therefore, mastering foundational math
skills is an important step that impacts the future trajectories of my students.
By the time students get to my class, many of them have already decided that math is just
not their thing; a categorization that may have been confirmed by other adults in their lives. In
my classroom, my first priority is to promote a growth mindset. I do this by creating
opportunities for small wins, measuring growth, and setting goals. For example, we do “Mad
Minutes” where students see how many problems, they can do in a five-minute time frame. They
include operations with basic math facts used in Algebra 1. Together, the students and I set
goals, track growth, and celebrate the smallest improvements. Previously, these methods have
worked in my class, and by the time students left, many of them had shown enough mastery of
the content to move on to Geometry, but the success was not duplicated in their following math
classes. About 30% of students failed Geometry each year at my school site, and when asked to
do basic Algebra, students often could not recall any of the previously learned material. My hope
was that with the use of interactive notebooks these statistics could be turned around by
increasing the retention of math facts.
In the past, students would create notebooks in my class and many of them would never
look at them again. I hope to change this by producing a reference that they can use in my class
as well as their other math classes and to document that the interactive notebooks work and that
my peers can adopt them in their classes. According to previous empirical research, “There are
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many benefits to using INBs in the science classroom. Research shows that students who write
their notes learn and retain more information than those who type their notes” (Robinson, 2018,
p. 21). Not only do students retain more information, but they also have more motivation to do
their work. Specifically, Twar (2011) states, “Students appeared to respond very positively to the
ISN’s organizational strengths, stating that they enjoyed how easy it was to find what they
needed when they needed it” (Twar, 2011, p.65). Providing students with tools that are user
friendly and positively received can contribute meaningfully to their success.
Action Research Question
The action research question for this study was: How will the use of interactive
notebooks increase students’ mathematical retention of foundational math skills? I hoped that
was through some guided, some self-created, and organized note taking students would see
an increase in their retention of basic math facts, operations with integers and rational
numbers, and a decrease in small math errors on summative assessments. When students can
retain these basic math skills, they can access the grade level content. Ultimately, accessing
grade level content will lead to success in Algebra and the subsequent math courses required
to graduate.
Limitations
This study was conducted with a sample size of 84 students, all from the same school and
community. Approximately 90% of the students were Latinx, leading to a lack of racial diversity
amongst participants. This may make it difficult to apply these findings to other student
populations. Another limitation was the 10-week window to conduct this research, which limited
the use of long-term data. There was no way to account for whether a change in performance
could be credited to other factors such as an adjustment to high school, me as their teacher, or
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coming back from distance learning. These were all real challenges in the fall, and the data could
not account for this.
Furthermore, students could have performed better on the Unit 1 retake exam because
they had already seen a different version of the same test with similar content. The students also
could have done better on the Unit 2 assessment because they were more accustomed to the
routines and procedures as a class. The data were also limited by the fact that the teacher was the
researcher. As the teacher of record, I was the proctor for both tests and the Exit Ticket
collector. The Exit Ticket data could be skewed because students had a stronger relationship
with me by the time of the retake for Unit 1 and the summative assessment of Unit 2.
Relationships take time to cultivate, and they get stronger overtime. By the time student took the
Unit 2 exam, they had been in my classroom for five months, they understood the systems and
routines of the classroom, and this may have made it easier for them to ask for help during and
outside of class, which could have skewed the data.
Positionality of the Researcher
I am a Brown cisgender woman who researched inner-city students from low-income and
middle-class families who were a majority Latinx, with a sprinkle of Black and Asian. The
school is located in the Bay Area and was classified as a Title One school, where over 70% of
the students qualified for free and reduced lunch. I am privileged to share commonalities with the
students that I researched. I too grew up in the same city and came from a socio-economically
disadvantaged background. As a member of this community, I know first-hand what it is like to
go to a four-year university and not be academically ready. Thus, I know how important it is for
all my students to master basic math facts because without them it is hard to achieve academic
success.
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My previous teaching experience contributed to the assumption that students were not
retaining basic math facts, like operations with integers and fractions. For example, I believed
that many of my students were coming into Algebra 1 not having retained the math they learned
in previous years. I also assumed that about 1/3 of my students did not pass eighth grade math.
All of these assumptions were based on historical data. I also assumed that even if the students
had passed eighth grade math, that they were still not prepared for Algebra 1. I made this
assumption because these students had conducted their full eighth grade year online, due to the
COVID-19 Pandemic. I also believed that one-way students could improve their retention of
these basic math facts was through strategic note taking in an interactive notebook. Lastly, I
assumed students would be more engaged in interactive note taking because this method of
notetaking offers more choice rather than traditional note taking.
In addition to the previous mentioned assumptions, I also realized that I placed my
students and their families into a box. I believed that students needed these skills to be successful
in college and life because that is what the California State Standards told me. I felt that this was
the way in which my students would move out of poverty and or make a better life for
themselves. I projected my own biases onto my students because I was a first-generation college
student who used higher education to change my life trajectory.
In order to ensure that my biases did not interfere with my data collection, I removed all
names from assessments before disaggregating the data. As the researcher, I created a number
key to keep track of individual assessments and only talked about the data in percentages. This
allowed me to remain objective when talking about the findings.
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Definition of Terms
Exit Ticket
“An exit ticket is simply a question posed to all students prior to class ending. Students
write their answer on a card or piece of paper and hand it in as they exit. This formative
assessment technique engages all students and provides the all-important evidence of student
learning for the teacher” (Classroom Techniques, 2012).
Formative Assessments
“The expression Formative assessment refers to a wide variety of methods that teachers
use to conduct in-process evaluations of student comprehension, learning needs, and academic
progress during a lesson, unit, or course. Formative assessments help teachers identify concepts
that students are struggling to understand, skills they are having difficulty acquiring, or learning
standards they have not yet achieved so that adjustments can be made to lessons, instructional
techniques, and academic support. The general goal of formative assessment is to collect detailed
information that can be used to improve instruction and student learning while it is happening”
(Formative Assessment Definition, 2013).
Interactive Notebooks
“An interactive notebook is a tool students use to make connections prior to new
learning, to revise their thinking, and to deepen their understandings of the world around them. It
is the culmination of a student’s work throughout the year that shows both the content learned
(input) and the reflective knowledge (output) gained. Put another way, an interactive notebook
provides a space where students may take what is inside their brains, lay it out, make meaning,
apply it, and share it with their peers, parents, and teachers” (Marcarelli, 2010).
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Retention
“In education, retention refers to the ability to retain things in mind, specifically: a
preservation of the aftereffects of experience and learning that makes recall or recognition
possible” (Merriam-Webster, 2021).
Retain
“In education, to retain means to keep in mind or memory” (Merriam-Webster, 2021).
STEM
STEM is an acronym for Science, Technology, Engineering, and Math.
Strategic Note Taking
“Strategic note-taking primes students to more fully understand lecture content through
activating prior knowledge of the topic, monitoring teacher cues that mark key points to be
included in notes, recording novel vocabulary items, and pondering interconnections between
lecture points” (Boyle, 2013).
Summative Assessment
“Summative assessments are used to evaluate student learning, skill acquisition, and
academic achievement at the conclusion of a defined instructional period—typically at the end of
a project, unit, course, semester, program, or school year” (Summative Assessment Definition,
2013).
Implications
The purpose of this study was to explore whether the use of interactive notebooks
supported the retention of basic math facts and reduced the amount of small math errors on
assessments. Depending on the results, the math department may elect to vertically align on this
practice. If learners created a notebook each year with the intention of setting themselves up for
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success in the following course, students’ grades and attitude towards math may improve. Often
students may know how to complete an academic task, but test anxiety prohibits them from
showing their understanding on a high stakes test. Tests are worth 40% of students’ grades at my
school. As the world changes, educators must make shifts to remain relevant. It is no longer
necessary to memorize everything because so many people walk around with computers in their
pocket. This is why there is the need to show how applicable math is and teach students how to
use the tools, rather than focusing on memorizing formulas for test. One way this could be
accomplished is by aligning vertically so that all math students create an interactive notebook
each year, with the intention of using, and perhaps expanding on it in the years to come.
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Chapter II
Literature Review
The purpose of this research study was to investigate whether the use of interactive
notebooks in an Algebra 1 class would support the retention of foundation math skills as
assessed by performance on end-of-unit tests. The evaluation of the notebook's effectiveness was
done by analyzing a variety of classroom-based assessments, including unit tests, exit tickets,
and researcher field journals. The research question that guided this research was: How will the
use of interactive notebooks increase students’ mathematical retention of foundational math
skills? To address this question, students were required to keep an interactive notebook and use it
on their Unit 1 assessment and were given a choice to use the notebooks on their Unit 2
assessment. Students' notebooks contained guided notes and self-paced practice.
The United States ranks very low in math proficiency, which is problematic for a
developed country (Pew Research Center, 2021). In particular, the state of California ranks in the
bottom 20% of all states in the union. The Smarter Balanced Assessment Consortium (SBAC)
results for the 2018-2019 school year showed that less than 40% of students across the state of
California met or exceeded the mathematical standards in their grade level. When the results are
broken down by ethnicity, White students scored above 50%, more than 10% higher than the
state average, while Black and Brown students scored below 30%, more than 10% lower than the
state average (Smarter Balanced Test, 2022). At the national level, math is a growth area for
many learners. Thus, this literature review explored the research that supports the use of
interactive notebooks as a tool for increased math retention.
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Overview of Literature Review
The purpose of this literature review is to give an overview of the theoretical rationale
and foundational literature that informed this study. First, the theoretical rationale introduces the
need for interactive notebooks in math classes. Using Carol Dweck's (2006) growth mindset and
Geneva Gay's (2018) culturally responsive teaching, one can see that students' sense of
belonging and safety must first be met to fully engage in each lesson. Second, the review of
related literature examines the importance of explicitly teaching study skills and test-taking
strategies, note-taking to improve math retention, and the successful use of interactive
notebooks. This research showed that in order to increase retention and ultimately student
success in math, these three domains must be incorporated into classroom teaching. The
databases used to find the articles were ERIC and PsycInfo. The key search terms
were: interactive notebooks, mathematics, study skills, and note-taking.
Theoretical Rationale
There were two main theories that were used to frame this action research project. The
first was Carol S. Dweck's (2006) growth mindset, where the theory states that everyone can
learn and grow, rather than the traditional stance that the ability to grasp new information is
determined at birth, and therefore fixed. The second was Geneva Gay's (2018) culturally
responsive teaching (CRT) theory, where the theory encourages school communities to take
students' cultures into account when facilitating learning. In my action research project, Dweck
and Gay's theories informed my use of interactive notebooks, with the goal of moving students
out of a fixed mindset and into a growth mindset.
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Growth Mindset Theory
Somewhere throughout a student's education, someone may have told them that they
could not be successful in math, whether by explicitly saying that or implicitly through assigning
a grade to their work. Carol Dweck's (2006) growth mindset theory focuses on shifting away
from a fixed mindset, where students believe that they are either born "smart" or are not, towards
a growth mindset, where capability is not stagnant, and students can continue to learn and grow
to understand. In her book, Mindset, Dweck (2006) states, "With the right mindset and the right
teaching, people are capable of a lot more than we think" (p. 64). When teachers have a fixed
mindset, they are more likely to reinforce that mindset (Boaler, 1998). By contrast, if teachers
have a growth mindset, they are more likely to promote a growth mindset in their students (Sun,
2018). To teach mathematics, a teacher must have a growth mindset and be explicit about
messaging this to the students (Boaler, 2006; Cohen et al., 1999). No matter what skills a person
brings to the table, there is always room to grow; and with the right coaching, anyone can be
better than they were from the start. Dweck (2006) also asks the question, "Is it ability or
mindset? Was it Mozart's musical ability or the fact that he worked till his hands were
deformed?" (p. 63). With this statement, Dweck (2006) is answering her own questions. Mozart
was of course talented, but he became extraordinary because he worked at perfecting his craft.
The point she makes is that practice makes progress, not practice makes perfect. This trend is the
same in education; the more students have the chance to practice, fail, and try again, the better
opportunity the content will be retained. The use of interactive notebooks in my class hopefully
allowed students to track their progress and reference material already covered. It may offer
them a sense of confidence because they were able to reference the notebook to further their
learning. When students come to my class with a fixed mindset, they allow previous experiences
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with math to dictate how they will do in my class; they lack confidence and motivation to try.
This is because, according to Dweck, "prejudice is a deeply ingrained societal problem" (p. 78),
but "a growth mindset helps people to see prejudice for what it is--someone else's view of them"
(p. 78). This assertion implies that it is important to build relationships with students and learn
about them and their culture in order to overcome prejudice.
Culturally Responsive Teaching
In her work, Culturally Relevant Teaching, Geneva Gay (2018) states that the culture of
students is an essential aspect of their education. Gay bases her book on six assertions about
improving American education. The present research focused on the first assertion, "culture
counts" (p. 8). Gay uses Delgado-Gaitan and Trueba's (1991) definition of culture, "a dynamic
system of social values, cognitive codes, behavioral standards, worldviews, and beliefs used to
give order and meaning to our own lives as well as the lives of others" (p. 8). Within this
framework, culture is unique and cannot be boxed in. Everything that is done, every choice that
is made, is influenced by a person’s culture, whether consciously or subconsciously. Therefore, it
is so vital for teachers to take the time to get to know their students. When teachers take the time
to get to their students, they can be more equitable because they know what each student needs.
When teachers know the students, the students' cultures, the home life, and or interests, a
learning environment is created that students want to be a part of. Gay (2018) asserts, "caring
teachers expect (highly), relate (genuinely), and facilitate (relentlessly)" (p.57). When students
know that teachers care for them, they will work hard to meet the teacher’s high expectations.
Gay (2018) explains further that when teachers see and respect students' viewpoints, "teachers
can better help them grow academically, culturally, and psycho-emotionally" (p. 59). Teachers
should not impose personal desires on students nor assume the student cannot do the work.
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"Rather caring teachers…seek to know what these strengths or assets are, and to act relevantly
and responsively to facilitate students' further growth and development" (p. 59). Being
intentional about creating a math classroom that celebrates and invites students' cultures into the
space is important, even though there is a common misconception that math is "culture free"
(Kersaint et al., 2009, p. 60). Mathematics deals with both academic language and the language
students use every day (Schleppegrell, 2007). These ideas relate to this research on interactive
notebooks because as students created their notebooks, they were encouraged to define the
academic vocabulary. This could be a word for the academic vocabulary in their native language
or an ongoing list of the different ways mathematicians say the same thing; for example, slope,
rate of change, common difference, rise over run, the amount the values change each time all
mean the same thing. Students were asked to attach an image of something that motivates them
on the front of their notebooks. The reason behind this requirement was an attempt to remind
students of why they continue to push themselves every time they bring out their notebooks.
Hopefully, these notebooks will become a retention tool that will help students stay in a growth
mindset and take ownership of their own learning. Carol Dweck (2006) and Geneva Gay's (2018)
educational theories created the foundation for this project. Using these two theories helped root
my project in student centeredness, which is pivotal to students' long-term mathematical
success.
Review of Related Research
This review of related research has been organized into three sections. The first section
includes research investigating the importance of teaching study skills and test taking strategies.
The second section includes research on notetaking to improve math retention. The final section
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is organized around the concept of the implementation and use of interactive notebooks. Each
section includes a summary of relevant research and its connection to this action research study.
The Importance of Teaching Study Skills and Test-Taking Strategies
In a research study out of the University of Nevada-Las Vegas, Hong, Sas, and Sas
(2006) discussed how test-preparation and test-taking strategies affected Algebra 1 students in
high school. Two research questions were answered in this study. The first was, what are the
test-preparations and test-taking strategies that high school students use in mathematics? and
the second was, what strategies distinguish low from high achievers in mathematics? (Hong et
al., 2006). The authors conducted surveys with 61 students from a pool of 156 students from
"two private high schools in a major metropolitan area in the southwest United States" (Hong et
al., 2006, p. 146). Students were then broken into groups based on their answers to survey
questions; 15 were considered "high achieving and highly interested in mathematics," and 11
were considered "low achieving and low level of interest in mathematics" (Hong et al., 2006, p.
144). The study concluded that students did not engage in mathematical reasoning at a higher
level but rather participated in a surface-level review before a test, like reviewing notes and
previous work. The researchers asserted that such participation does not lead to long-term
retention. Hong and colleagues (2006) argue that teachers have a responsibility to focus on
specific test preparation and test-taking strategies (Hong et al., 2006). This study was limited by
the sample size and population surveyed, but the findings are still applicable to other classrooms
where mathematical learning is taking place. Teachers must explicitly teach test taking strategies
and take the time to prepare for major assessments to model for students. Such focused
instruction, as demonstrated by the Hong et al. research, may decrease test-taking anxiety. Hong
and colleagues’ research supported a central tenet of this action research study that teaching test
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taking strategies in tandem with the use of interactive notebooks will support students with
assessments.
Other sources in the research literature similarly explore test taking strategies.
Specifically, Mireles and colleagues (2011) explored the effectiveness of the use of study
strategies in college-level algebra classes. Through the collection of both quantitative and
qualitative data, the researchers discerned that "students reported increases … in study strategy
usage" (Mireles et al., 2011, p.12). This research was done at the University of Texas-San
Marcos, specifically with 47 students out of a total of 28,000. All the participants failed the
Higher Education Assessment, with an average score of 66%. This was problematic because
students had come into college unprepared for the level of academics, specifically in
developmental mathematics that serves as a gatekeeper for future classes (Mireles et al., 2011).
The researchers noticed that as college admission rates increase, so do the number of students
who are underprepared for the college level of academics, which supported the finding that study
skills must be taught (Mireles et al., 2011) in order for traditional underprepared students to
graduate with a degree. The researchers concluded that with the explicit teaching of study skill
leads to success in developmental math, a "proclaimed ‘gatekeeper course’ -- will assist
underprepared students' overall success and college graduation" (Mireles et al., 2011, p.41).
Though this study was limited by the number of students and its lack of random participants, the
implication of their research suggests that in order to increase success in students, teachers must
teach study skills.
Dodeen et al. (2014) explored the cognitive skills used when preparing for tests in
mathematics. Through a mix of quantitative and qualitative data, the researcher was able to
determine how prepared and motivated students were to learn math. She then assessed the
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relationship between preparedness and motivation and whether or not these were predictors of
success (Dodeen et al., 2014). A total of 626 students were chosen at random from 10th through
12th graders in Saudi Arabia. With the use of scaled surveys, discussions, and observations, the
researchers found that the relationship between students' preparedness and motivation was
"positive and statistically significant" (Dodeen et al., 2014, p.11). In general terms, the
researchers found that the more motivated a student was or the more they liked a subject, the
more likely the student was to prepare for an assessment. By the converse, the more prepared the
student was, the less likely they were to have anxiety. Dodeen et al. (2014) concluded that
students may not not have the "appropriate test-taking skills they need to ensure acceptable
levels of achievement" (p.13) and thus are not adequately prepared for math assessments.
Despite the different geographic location of this study from my own research context, the
findings are still applicable. Specifically, the importance of test taking strategies really resonates
in the Dodeen et al. research and in my own study. If a teacher’s goal is to get students to retain
math facts, then examining test-taking strategies and exploring ways in which math produces
anxiety must be done.
Note-taking to Improve Math Retention
Through their research, Mallozzi and Heilbronner (2013) identified that one of the ways
to improve math retention is through the use of interactive notebooks paired with targeted
feedback. The study consisted of six 7th grade science teachers and about 550 seventh grade
students from two middle schools. Qualitative and quantitative data were collected and showed
that "students liked using the interactive science notebooks (ISN) for science labs and believed
that it benefitted their learning of science process skills" (Mallozzi & Heilbronner, 2013, p.22).
The researchers further asserted that using the notebooks to offer feedback, though time-
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consuming for the teacher, motivated the students to do well (Mallozzi & Heilbronner, 2013).
This study was conducted with over 500 students, with multiple teachers, which could have
made the data difficult to analyze because no two lessons or feedback given were the same. The
teachers could have planned the lessons together and created one plan, but each teacher would
have delivered the lesson in their own way, thus creating differences that are hard to account for
in the data analysis. Based on the findings, the authors state that for the feedback to achieve the
purpose of increasing retention, it must be given often and in a timely manner (Mallozzi &
Heilbronner, 2013). Providing feedback in this way accomplishes two objectives simultaneously;
students are able to complete their work in their notebooks and receive targeted and timely
feedback. This is important to consider when implementing interactive notebooks in any content
because students need to know if they are on the right track when it comes to learning; and more
importantly, they need to be corrected when they are heading in the wrong direction. Interactive
notebooks are a tool that allows teachers to do this for their students.
Salame and Thompson (2020) explored whether or not strategic note taking improves
students’ achievement, performance, and learning. This study was done at New York City
College, and 160 students were surveyed. The researchers concluded that students who took
strategic notes had higher grade point averages (GPAs). Noting that GPA as the main metric is
biased and does not account for students who do not test well, and it does not always accurately
measure learning (Kaufman et al., 2021), these findings were still interesting. Looking past this
limitation, it is clear that intentionality around the teaching of note-taking, coupled with students'
ability to create their own notes, is a key factor to overall academic success. Salame and
Thompson (2020) recommended that incoming freshmen in higher education take a course
during orientation to teach strategic notetaking, arguing that this is a skill needed prior to taking
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any college-level course. The researchers also noted it was important to allow students the ability
to produce their own notes rather than copying verbatim what the teacher was saying. I applied
this idea in the present study by asking students to write out their notes in their own words in
their notebooks.
Blackwell and McLaughlin (2005) discussed the benefits of three methods used to
increase student success. The one method that is relevant to this study is the use of guided notes,
which is an outline of the direct instruction that students follow along and fill in as the lessons go
(Blackwell & McLaughlin, 2005). This process creates a learning environment that is interactive.
The authors determined that the use of guided notes "provides opportunities for students to
respond. They also provide students with a summary of the lesson and assist in teaching effective
note-taking strategies" (Blackwell & McLaughlin, 2005, p. 2). This support can be particularly
helpful for students with learning differences as well as multilingual learners. The guided notes
are clearly necessary to increase retention, but should not be the only tool that the teacher is
utilizing to increase retention.
Successful Use of Interactive Notebooks
A study done by Fajardo and colleagues (2019) aimed to determine what effects of
interactive science notebooks (ISN) had on the student physics achievement levels, learning
styles, study habits, test anxiety levels and attitudes towards physics. Lastly, the researchers also
examine which variables (e.g., learning style, study habits, test anxiety level, attitude towards
physics) had an influence on students’ physics achievement level (Fajardo et al., 2019). This was
a quantitative study where the authors conducted surveys before and after each assessment.
There were 37 participants - 28 were female and 9 were male. The researchers found that there
was no significant difference from the use of interactive notebooks, though students who
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prepared and had good study habits improved. It is important to consider that this study was only
conducted with one class of 37 adult students over the course of two months, which is not a
substantial amount of time. Regardless of the study limitations, the findings are valuable,
nonetheless. Specifically, these findings suggest that the efficacy of interactive notebooks needs
to be measured over a longer period of time as well as with more students.
Twar (2011) focused on the effectiveness of interactive notebooks; specifically, in
relation to preparedness for assessments. This study consisted of 56 fifth grade students from
three different classes. Through both quantitative and qualitative data analysis, Twar (2011)
observed, surveyed, and reviewed assessments to determine if the use of notebooks increased
students' success. The author found that the results of the interactive notebook assessment and
the end of unit assessment were not strongly correlated (Twar, 2011). Twar found that students'
attendance had a higher correlation to success on the summative unit assessment. For example, if
a student, who struggled with math, missed a lesson, they performed worse on the end of the unit
exam. This suggested that students who missed class were not getting the class notes and thus
had holes in their knowledge of the content. In conclusion, students appreciated the use of their
notebooks and how the organization helped them find the information that they needed in a
timely manner (Twar, 2011). Creating the notes was sufficient to study tactics, and this made the
use of the notebooks during the actual exam less necessary (Twar, 2011). Twar suggested that
taking notes and reviewing them before a test was sufficient and that the students who did this
did not need to refer to their notes as much during this test. This is an interesting idea that could
be explored more after this action research is complete.
In her study, Drew (2018) aimed to discover whether the use of interactive notebooks had
any effect on the learning of solving equations with one variable (Drew, 2018). Data were
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collected using both qualitative and quantitative methods. Students' notebooks were analyzed
qualitatively, and observations during direct instruction allowed for the collection of quantitative
data. Participants were also surveyed (Drew, 2018). Students took pre and post-tests to determine
whether the notebooks were leading to success in solving equations with one variable (Drew,
2018). This study was done with 40 Algebra 1 students. The findings indicated that the
interactive notebooks were helpful to the students. They not only improved the overall learning,
but they also contributed to the improvement of the instruction. "Based on the results from the
study, instruction was altered to incorporate more interaction between students. Students became
the focal point of instruction instead of the textbook guiding instruction" (Drew, 2018, pp. 2526). Drew pointed out that "the students gained new skills to solve algebraic equations while also
relating the algebra content to their lived world experiences and thinking about the ways in
which the course can help them in their high school career and beyond" (Drew, 2018, p. 113).
Though this study was limited by the eight-week window to collect data and with small sample
size, it is still clearly relevant to my own study. This study demonstrated that others are doing
this work within mathematics and that it is showing promising results.
Mason and Bohl (2017) similarly examined the use of interactive notebooks in science.
Data were collected using mixed methods. The authors measured engagement, formative
assessments, and communication by observing one fifth-grade class over the period of 10 weeks.
They found that the use of notebooks was a great way to see students' thinking. Mason and Bohl
stated, "students learned to act, think, and write as scientists and engineers…the inclusion of
science notebooks and the engineering design process has invigorated her science teaching and
motivated her students to learn and love science" (Mason & Bohl, 2017, p. 43). This study
suggested a connection between the students’ retention of concepts and the opportunity to guide
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some of their own learning. The findings of the Mason and Bohl study have implications for the
present action research study as they suggest that students must have some autonomy in how
their notebooks are set up and how the information is organized, as well as time to process in
their own words.
Summary
This action research project focused on the effectiveness of interactive notebooks and
whether the use of these notebooks increased retention of basic math facts, thus decreasing the
amount of small math errors. First, the theoretical rationale described Carol Dweck's (2006)
growth mindset and Geneva Gay's (2018) culturally responsive teaching. Dweck's growth
mindset theory focuses on creating a learning environment where mistakes are welcome and
worked through is key to mathematical success. In order to create this type of learning
environment, teachers must first get to know their students, which is a key factor in Gay's
culturally responsive teaching.
Next, since the main focus of this study was the use of interactive notebooks to increase
retention, study skills and test taking strategies were also examined. Research conducted by
Hong and colleagues (2006) suggested that teachers must explicitly teach study skills and
specifically prepare students for assessments to reduce test anxiety. This finding was validated
by Mireles et al., (2011) where the researchers found that students increased their scores from a
pre- to post-test once the study skills were taught. Another study done by Dodden et al. (2014)
found that students felt more prepared when taught specific test-taking strategies. Teaching these
test-taking strategies and study skills can be done using interactive notebooks.
The literature review explored many strategies that are used to teach study skills and testtaking. The specific strategies that this study focused on was note-taking. Mallozzi and
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Heilbronner (2013) suggested that one of the ways to improve math retention was through the
use of interactive notebooks paired with targeted feedback. In Mallozzi and Heilbronner (2013)
study the student used their notebooks to prepare for assessments, so the information was
reviewed. Research also suggested that it is important to allow students the ability to produce
their own notes rather than copying verbatim what the teacher is saying (Salame & Thompson,
2020). These researchers concluded that if students were creating their own materials, they
would be more likely to remember them on assessments. Blackwell and McLaughlin’s research
(2005) focused on the use of guided notes to help students outline the lesson. The findings of all
of these studies corroborated the importance of notetaking on retention.
Lastly, the literature review explored research that investigated the use of interactive
notebooks as a tool to increase retention on assessments. The first study reviewed did not see any
direct correlation between the use of interactive notebooks and student achievement (Fajardo et
al., 2019), but it was a short study that did not concentrate on study habits, which is known to be
an important factor. Twar (2011) found that students appreciated the use of interactive notebooks
and how organized they kept them. They also found that the actual creating of the notes for
assessments was so effective that students did not even need to use them as much on assessments
(Twar, 2011). Going over the work and creating notes for an assessment proved to be an
effective study strategy. The study done by Drew (2018) is the most relevant to this study. Drew
found that the interactive notebooks were helpful to the students. They not only improved the
overall learning but also contributed to the improvement of the instruction. Furthermore, another
study found that when students were able to create on their own notebooks and have autonomy
over their learning, their scores improved on the assessments covered (Mason & Bohl,
2017). These findings suggest that once students are taught how to study, how to take notes in
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multiple ways, and have ownership over their learning, their retention increases, and these
behaviors can all be accomplished through the implementation of interactive notebooks.
The next chapter will discuss the methods used to conduct this action research project.
The school setting and participants will also be examined. Furthermore, a discussion of the data
collection strategies and procedures will be shared, as well as the analysis of the data collected.
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Chapter III
Methods
Math proficiency is a growth area for many schools in the nation (Pew Research Center,
2022). In taking a closer look at California, data broken down by race confirm that White K-12
students are outperforming students of color. Overall, White students are scoring 10% above the
state average, while Black and Brown students are scoring 10% below the state average (Smarter
Balanced, 2022). This disparity needs to be addressed with urgency. The purpose of this research
study was to investigate whether the use of interactive notebooks in an Algebra 1 class would
support the retention of foundational math skills as assessed by performance on end-of-unit tests,
specifically less small math errors. Effectiveness of the notebooks was assessed through analysis
of a variety of classroom-based assessments, including unit tests, exit tickets and student
notebooks.
Interactive notebooks are used to help students organize the content that they are learning
in way that makes sense to them. According to a study done with first year students in a college
levels mathematics course, teaching study skills and note taking strategies is essential to
academic success (Mireles et al., 2011, p.41). Another study found that using the interactive
notebooks to offer feedback, though time-consuming for the teacher, motivated students to do
well (Mallozzi & Heilbronner, 2013). These notebooks serve multiple purposes, including
increasing retention, decreasing test anxiety, and maintaining good study habits. This is a
practice already tried and true within the sciences, and the review of related research testified to
the usefulness and necessity for these interactive notebooks within mathematics.
The research question that guided this inquiry was: How will the use of interactive
notebooks increase students’ mathematical retention of foundational math skills? To address this
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question, students were required to keep an interactive notebook and use it on their Unit 1
assessment and were given a choice to use the notebooks on their Unit 2 assessment. Students'
notebooks contained guided notes and self-paced practice. At the end of the study, I evaluated
the degree to which my students’ skills/math performance changed based on their use of the
notebooks. The goal of this research was to explore how the use of interactive notebooks would
decrease the amount of small math errors on assessments. With the hope that this research would
suggest that the use of interactive notebooks could be a beneficial tool to vertically align grade
levels within a math department.
The theory of growth mindset, developed by Carol Dweck (2006) posits that students are
capable of learning anything when given the chance, rather than the fixed mindset of either being
capable of comprehension or not. The interactive notebooks are a way for students to keep
trying, while keeping a record of concepts learned for future reference. Geneva Gay’s (2018)
theory of culturally responsive teaching prioritizes the use of students’ culture in the classroom
and within the curriculum. For the purposes of this study, interactive notebooks, which students
could make their own, based on their understanding, centralized the use of students’ cultures
within the classroom and the curriculum. According to other related research sources, there are
benefits to using interactive notebooks, which is a promising practice already used within many
other classrooms, especially science. There is still not enough information about the use of
interactive notebooks within math classrooms, which is why this action research project was
needed.
Setting
This study took place in an inner-city, urban 5th-12th grade charter school, located in
Northern California, during a global pandemic. Before the start of this study, students spent over
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a year taking virtual classes, and this was the first year back into the classroom with in-person
instruction. This context created a myriad of issues that were unique and required a lot of grace
for students and adults, as we all worked to find new systems of support for all stakeholders.
From what I saw, no one was prepared for the toll the pandemic and virtual learning had on
students’ mental health. At my current school site, the dean’s office, social workers, and onsite
clinicians were overwhelmed by the number of students who were requesting services on a daily
basis. In point of fact, students had full on panic attacks and high anxiety when school reopened.
There is an abundance of resources at this school. Not only do teachers not have to
purchase any supplies needed for their classrooms out of pocket, neither do the students. Also,
each student had their own Chromebook that they could take home. This charter school is a
college prep school, whose graduation requirements are aligned with the A-G requirements,
which are the requirements that must be fulfilled to apply to public California four-year postsecondary schools. The grading scale is A, A-, B+, B, B-, B+, C and F, and there are no C or D
grades. Anything below a 70% is an F. This is because the A-G requirements require a C or
higher to receive credit for the course. This grading system has its pros and cons. One major con
is that the students who get a 69% in a class will fail, but if they were at a different school, they
could pass with a C-. This effects about a small percentage of each class because by the time the
class reaches their senior year, 10-20% transfer to a different school. Grades are what end up on
transcripts, not percentages.
One of the benefits of attending this school, however, is that students are provided with a
need-based scholarship, of up to $10,000 a year for up to 6 years, to attend post-secondary
school. The school also provides each graduating senior with a personal college and career
advisor who works with each student and their families to navigate the collegiate system. This
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funding is provided by a private donor whose goal is to increase the number of Black and Brown
students going to college.
This charter school serves a predominately Latinx community. During the time of this
research study, this school was 86% Latinx, 8% Black, 2% White, and 4% other. There were just
over 1,100 students enrolled, and 80% of them were from socioeconomically disadvantaged
backgrounds (School Website, 2021). The school is also designated as a Title-1 school, which
means that the school receives additional federal funds because a significant number of students
are considered low-income. Every student is provided with a free lunch, regardless of whether or
not they qualify for free or reduced lunch.
At the time of the research, school enrollment was almost evenly split between boyidentified (49%) and girl-identified (51%) students. The enrollment had roughly 28% who were
classified as English learners (ELs) and 47.1% of students who have been Reclassified Fluent
(RFEP). There were also 22.9% of the student body who were classified as a Long-Term English
Language Learner (LTEL) (mosaic.schoolzilla.com, 2022). About 7% of the student population
was designated as needing additional support services (SPED) and 12% were designated as
needing Tier 3 math support.
Additionally, there were more than 80 teachers. Of these, almost 40% of the faculty had
cleared credentials, about 25% had preliminary credentials, around 10% had intern credentials,
almost 20% had permits, and almost 9% had waivers. There were twice the amount of femaleidentifying faculty than male-identifying, and the majority of the staff, or 75%, identified as
White. The remaining 25% identified as Latinx, Black, or Asian.
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Demographics of the Classroom
The participants were chosen from my five sections of Algebra 1. I have a total of 84
students, and all students participated. Forty-five were boy-identified and 39 were girl-identified.
Their ages ranged from 14-16 years old. Most of my students identified as Latinx, for a total of
88%. The remaining students identified as 3.6% Black and/or African American, 3.6% as Native
American, 2.4% as White, 1.2% as multi-racial, and 1.2% as Asian. About 8% of my students
were classified as SPED and received accommodations, mostly extended time to complete
assignments and assessments and separate testing environments. Thirty-three percent of my
students were LTELs and received targeted language intervention during the school day and 51%
of my students had been reclassified (RFEP). Another 33% of the students had met or exceeded
the standard in ELA and 20.2% had met or exceeded the standard in Math
(mosaic.schoolzilla.com, 2022).
All 84 of my students participated because the use of interactive notebooks was part of
the regularly learning adopted activities for my class. I wanted to make sure that all students
received the same interventions to ensure that everyone was getting an equitable education. I
believed that the interactive notebooks would increase mathematical retention, and thus require
them for all my classes. I chose to conduct this study to learn more about how the interactive
notebooks supported students’ learning. This study focused on the use of the interactive
notebooks and their impact on reducing small math errors on assessments. Ultimately, my hope
was that the results of this study would suggest whether this tool could be useful for all math
classes.
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Data Collection Strategies
I employed three data gathering approaches to determine whether or not the use of
interactive notebooks was actually working and reducing the amount of small math errors on
students’ assessments. I analyzed students’ notebooks for completion and accuracy of
information. I also used three different tests to gather quantitative data: Unit 1 Practice Test, Unit
1 Test, and Unit 2 Test. Lastly, after the Unit 1 Test, I gave an Exit Ticket with open-ended
questions to gather qualitative data. Due to timing and the ever-changing protocols for the
Covid-19 Pandemic, I was only able to give one Exit Ticket over the course of this study.
Interactive Notebooks
The notebooks were organized in chronological order and were broken into units. Each
unit started with a table of contents and ended with a study sheet for the assessment. The table of
contents helped the students quickly navigate to the content needed. Before or after each lesson,
students were required to record notes into their notebooks. If the notes were taken before the
lesson, they were guided notes, where students wrote verbatim what I had projected on the board.
If notes were taken after the lesson, they were handouts with questions that require filling in the
blank. Students were also required to include practice problems, which had to be 100% accurate
before they put them into their notebooks. I would check off that students completed the work by
walking around and checking off their names, I would then project the answer key and students
would correct their own work. Once the unit was complete, students used the notebooks and a
practice test to create a study sheet to use as a quick guide for the unit test. They checked each
page over with their peers’ notebooks and/or with my master copy to make sure all their notes
were complete (see Appendices A & F).
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Unit Tests
Unit 1 Practice Test. The first assessment was a graded practice test for all of Unit 1
(Appendix B), where students were not allowed to use their interactive notebooks. This grade
was not recorded in the gradebook; it was only graded for the purpose of establishing a baseline
for this study. The question types were pulled from the textbook and created by me, the teacher,
to mimic the questions covered throughout the unit. The questions were chosen and created to
mirror the work already completed, so that students were not surprised by any content on the unit
test.
Unit 1 Test. Students were given another version of the same test the following week,
Unit 1 Test (Appendix C), with the same question types, using different numbers. This time,
students were directed to use their notebooks during the assessment. This test grade was inputted
into the gradebook as a summative assessment, which accounted for 40% of their quarter 1
grade. The questions were chosen in the same way as the practice test, with great transparency to
again avoid any surprises on their test. After the tests were all graded, they were returned to
students to review and reflect on.
Unit 2 Test. The third and final test was the Unit 2 summative assessment (Appendix D),
where students had the choice of whether or not to use their notebooks. This was a summative
assessment of the content that the students had learned in Unit 2. The questions were pulled from
work done in class and created by me to assess the retention of the learning objectives. Each
question was chosen intentionally to ensure no student was surprised by anything they were
asked to do on the test. There were two questions that were aligned with the content from Unit 1
and thus were the only two questions that were analyzed.
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Exit Tickets
I distributed an Exit Ticket after the Unit 1 Test. The Exit Ticket included several
reflection questions (Appendix E), which was a standard practice in my classroom. Students
were asked open-ended questions about what went well on the test, what class activity helped
them the most, whether or not the notebook was helpful, and more. This allowed me to collect
qualitative data. I also used information in the Exit Tickets to make necessary pivots to ensure I
was differentiating for all students. Students gave feedback that was implemented in the next unit
when appropriate. Due to COVID-19 quarantines and many absences, I did not ask students to
do the Exit Ticket with the reflection questions after the Unit 2 Test because there was still one
student who had not taken the test. In an attempt to maintain fairness and equity, I never hand
back a test until all students have taken it.
I chose to conduct this research using these three assessments so that I could have
multiple data points to explore whether the notebooks were effective in reducing the amount of
small math errors. I wanted to compare apples to apples with the first two tests. These
assessment measures showed data using the same content and question types, which allowed me
to see how student learning had changed from the practice test, with no notebook, to the actual
test, with the use of notebooks. I included the Unit 2 Test to find out if students value the use of
their notebooks and to see if they would choose to use the notebook when given the option.
I created these assessments based on textbook questions I had reworded to be more
relevant for students. I used the standards and the students’ textbooks, making all the questions
more culturally relevant and more relatable to the students’ current lived experience. For
example, the curriculum may have a math problem about minutes or text messages for different
cell phone plans, and I rewrote it to make it about gigabytes of data. The examples given were
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outdated, and sometimes the student found them confusing. I used the relationships that were
built to guide how I shifted the problems.
Procedures
This study took place over a 10-week period from mid-October to early December 2021.
There was a one-week break in instruction towards the end of November for Thanksgiving. This
study took place in three phases, including a pre-intervention stage and two intervention phases.
Phase 1, the pre-intervention stage was four weeks, during which students set up their interactive
notebooks (Appendices A and F) and completed the Unit 1 Practice Test (Appendix B) which
took one 90-minute class session. The second phase took two weeks, where students reviewed
their practice tests and their notes and completed the Unit 1 Test (Appendix C). The students also
completed an Exit Ticket with reflection questions in Phase 2 (Appendix D). The third phase
included instruction of the Unit 2 content, which took six weeks, and completion of the Unit 2
Test where students had the option of using their interactive notebooks (see Appendix E), which
took one 90-minute class session.
Pre-Intervention Procedures
Phase 1. Before data collection for this action research project could begin, students had
to set up their interactive notebooks. Students created the interactive notebooks and copied notes
into their notebooks on every topic that was covered in Unit 1. They created a table of contents
which they added to as the unit progressed. This process took four weeks. The first week was
spent reviewing basic math facts and adding the necessary notes to the interactive notebooks.
The next three weeks all of the content within Unit 1 was covered, which included investigating
patterns, writing and solving equations, and solving inequalities. Notes on each of these concepts
were added to the notebooks.
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To establish a baseline, students completed the Unit 1 summative assessment, without
the use of their interactive notebooks; this was called the practice test (Appendix B). The practice
test included 12 questions, which students completed in one 90-minute class period. Students
were asked to clear their desks of everything, except a writing utensil. They appeared to be very
anxious, stating that they could not do it without their notebooks. Most students took less than 90
minutes to complete the test because, without their notebooks, they could not remember how to
complete each step. I then assessed the practice test as the baseline data point and handed the
practice test back to students to review and correct.
Intervention Procedures
Phase 2. Phase 2 took two weeks. During this time, students worked with their peers to
review their tests and compare their answers. This collaborative activity allowed them to talk
about what they got correct and where they made mistakes. Students also reviewed their graded
practice test with their notebooks to find the information needed to correct any mistakes. This
process allowed students to share with one another what they knew and where to find the
necessary notes in the notebooks to make corrections. Students were also allowed to ask me
questions about the test; and as a class, we all went over problems that everyone struggled
with. All students were encouraged to make a study sheet (this was optional for students but
encouraged as a good study habit) to help navigate their notebook during the test. A week later,
after reviewing writing and solving equations and inequalities, students took the graded Unit 1
Test (Appendix C). After grading the Unit 1 Test, I returned them to students to review. All
students used their notebooks on the exam. This testing practice was designed to find out
whether the interactive notebooks had made a positive impact on students’ ability to decrease
their small math errors and thus, allowing them to earn an overall better score than they had on
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the practice test. After receiving their graded Unit 1 Test results, each student completed an Exit
Ticket (Appendix D) consisting of open-ended questions about their Unit 1 Test grade and Unit 1
learning in general.
Phase 3. During the third phase of the intervention, I taught the content for Unit 2, which
took seven weeks. Unit 2 included functions, specifically slopes and equations of a line. For six
weeks, students learned how to identify the slope of a function as well as, write equations in
slope-intercept, point-slope, and standard form. They also learned what scenarios are best for
each form of a line. Furthermore, students learned how to read and write graphs of linear
equations. Class activities consisted of initial learning about the content, classwork, groupwork,
and independent practice (homework). Each lesson was differentiated to meet the needs of all
students. Each lesson built upon the last, with the goal of gradually increasing their familiarity
and knowledge base. Throughout this six-week process, students added notes and practice
problems into their interactive notebooks.
At the end of the six weeks, students reviewed for and took the Unit 2 test (Appendix E),
which took one week. The review process included a practice test that students were given time
in class to complete. This test had 10 multiple choice questions and three short answers. Half of a
class session students worked independently on the practice test, with the use of their notebooks,
to determine what they still needed to review. During the last of the class session, students
worked with peers to complete the practice test and create a study sheet in the interactive
notebooks. They spent the next class session reviewing problems and correcting the practice test.
Students also used this time to ensure their notebooks were complete. In the following class
session, students completed the Unit 2 Test, which also had 10 multiple choice questions and
three short answer questions. Students were only required to answer one of the short answer
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questions, and they were allowed to choose the question they wanted to answer. If they answered
one or both remaining questions, students earned extra credit. Students were given one 90minute class session to complete this test. They were also given the choice to use or not use their
notebooks for this exam. Every student used their notebook. Due to the time constraints of this
program and the timing of the Unit 2 Test in my semester pacing, my class did not complete an
Exit Ticket for the Unit 2 Test.
Post Intervention Procedures
Upon completion of the intervention, I reviewed the Unit Test data to determine if the
interactive notebooks had impacted the amount of small math errors and students overall
scores. I also reviewed the Exit Ticket data to better understand how the students felt about the
use of their notebooks. I also examined the students’ interactive notebooks to determine the
completeness of their notebooks. I evaluated completeness by comparing individual notebooks to
my master copy. As I reviewed notebooks, I asked myself the following questions: was the
notebook organized correctly, did the notebook have all the notes, and were the practice
questions completely accurate?
Plan for Data Analysis
The data were collected to answer the action research question: How will the use of
interactive notebooks increase students’ mathematical retention of foundational math skills? All
participants took three summative assessments. The first was the Unit 1 Practice Test (Appendix
B), without the use of their interactive notebooks and not included in their final grade. The
second was the Unit 1 Test (Appendix C), with the use of their notebooks and this included in
students’ course grade. The last was their Unit 2 Test (Appendix E), where the students had the
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option of using their interactive notebooks. The purpose of this process was to triangulate data
from various data sources to increase the validity of the findings.
This analysis used a mix of quantitative and qualitative data. The amount of small math
errors, getting the right answer or making less mistakes in the process, was compared for each
assessment and used to better understand the usefulness of the notebooks. A comparison between
the Practice Unit 1 Test (see Appendix B), the Unit 1 Test (see Appendix C) and the Unit 2 Test
(see Appendix D) did indeed suggest that the interactive notebooks helped reduce the small
errors and led to higher scores overall. This was measured by the increase of the overall score
from the Unit 1 Practice Test to the Unit 1 Test and then further supported by the scores of the
Unit 2 Test. The qualitative data gathered from the answers on the reflective Exit Tickets were
coded and categorized to discover potential shifts in the attitudes and perspectives of the
students. These qualitative accounts added important context and strengthen findings that
elucidated the utility of this practice in other math classes. Sometimes students do not want to
complete the notes in their interactive notebooks because it may feel like a monotonous task and
teachers may not want to take the time to have students copy the notes. Thus, this quantitative
and qualitative data are important to support the assertion that interactive notebooks support
student learning and are useful beyond just one classroom.
Summary
The purpose of this action research project was to investigate the usefulness of interactive
notebooks. Interactive notebooks require a lot of class time to set up and maintain; and there
needed to be data to support the continued time and resources given to this practice. This
research took place over a 10-week study where students took three assessments, including a
Unit 1 Practice Test, Unit 1 Test, and Unit 2 Test. Each assessment was analyzed and required
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students to learn several concepts. Through a mixed method analysis of formative assessments, I
examined the effectiveness of the use of notebooks.
This chapter focused on the setting of where the research took place, the participants, and
the data that were collected. The next chapter will go into further detail about the data collected
and the analysis of these data.
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Chapter IV
Findings
The purpose of this study was to determine whether or not the use of interactive
notebooks would reduce the amount of small math errors on unit assessments in an Algebra 1
math class. Thus, the action research question: How will the use of interactive notebooks
increase students’ mathematical retention of foundational math skills? Teaching math over the
last decade, I had noticed that students struggle to retain information. I attributed this to the everadvancing technologies, quite literally at their fingertips. Students no longer need to memorize
facts because they could look up anything on the internet. This is why the use of the interactive
notebooks are so important. Students need to know where to look for the information needed but
also how to use that information.
In the review of related research, researchers assert the importance of teaching explicit
study skills and note-taking (Salame & Thompson, 2020). The research also showed that there
was already success with interactive notebooks in the sciences (Fajardo et al., 2019). There were
also a few studies on interactive notebooks within mathematics that showed promise. One study
focused on how the use of interactive notebooks increased understanding on a specific
mathematical standard (Drew, 2018). Drew’s study also suggested the effectiveness of the
notebooks on the overall learning because it kept students as the focal point for all decisions
made in the class (Drew, 2018). Although these studies were limited by the number of
participants as well as the time allotted for the collection of data, their value in exploring
interactive notebooks remains. My hope was that my research could similarly add value to the
existing studies in support of the concept of interactive notebooks becoming a staple in math
classrooms.
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Overview of Methods and Data Collection
This chapter reviews the findings from data collected using a mix of quantitative and
qualitative data analysis that was used to examine the effectiveness and necessity of interactive
notebooks in a math classroom. The data were collected over a 10-week period and consisted of
several three phases. Phase 1 began with a pre-intervention stage of four weeks to teach the Unit
1 content and create the interactive notebooks (Appendices A and F), and the results of the Unit
1 Practice Test (Appendix B) which was used as a baseline assessment. Students took a practice
summative assessment for Unit 1 without the use of their interactive notebook. This took one 90minute class period. This provided a baseline of quantitative data that was compared to the Unit
1 Test results to show whether or not the number of small math errors decreased.
The intervention stage consisted of two phases, Phase 2 and Phase 3. Phase 2 was
conducted over the course of two weeks. During this phase, students reviewed their practice test
with their notebooks and their peers. They also took the Unit 1 Test (Appendix C), which
included the same content and question types from the practice test. For the Unit 1 Test, students
were required to use their notebooks. Again, quantitative data were collected in the form of test
scores to compare to the Unit 1 Practice Test. The final section of phase 2 was an Exit Ticket
(Appendix D) with open-ended questions about the overall learning over Unit 1. This Exit Ticket
provided qualitative data about students’ understanding, engagement, and attitude towards their
notebooks. Phase 3 was conducted over the course of seven weeks. During this phase, students
learned all of the Unit 2 content and continued putting information into their interactive
notebooks (Appendices A and F). At the conclusion of Phase 3, students took the Unit 2 Test
(Appendix E). Students were given the option to use their interactive notebooks on this test. This
test supported the conclusions from a comparison of the Unit 1 Practice Test and Unit 1 Test.
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During the test, the teacher noted who used their notebooks and who did not. Please see Table 1
for each of the sources used and the data that were collected.
Table 1
Data Collection Sources
Data Source

Data Collected

Students’ Interactive Notebooks Completion percent, accuracy of information, and having the actual
notebook on the day of the exam.
Unit 1 Practice Test
Baseline assessment of content retained without the use of the
interactive notebooks
Unit 1 Test
Assessment of Unit 1 content with the use of the interactive
notebooks.
Unit 2 Test
Assessment of Unit 2 content with the choice to use the interactive
notebooks
Exit Ticket
Qualitative and Quantitative Data on students’ experience with the
use of their notebooks.
Demographics of Participants
All 84 students enrolled in my five sections of Algebra 1 were included in this study.
About 54% of the participants were boy-presenting and 46% were girl-presenting. The ages
ranged from 14-16 years old. Almost 90% of my students self-identified as Latinx. The
remaining 10% self-identified as Black and/or African American, Native American, White,
Asian, and multi-racial. Only about 8% of my students qualified for SPED services, all receiving
accommodations, most commonly extra time on assignments and a separate testing environment.
One-third of my students were LTELs and in targeted language intervention course twice a
week. Over half of my students had been reclassified and no longer received ELL services. The
participants also had varying mathematical abilities, only about 20% of the students had met or
exceeded the standard in math (mosaic.schoolzilla.com, 2022). The school site is a Title-1 school
because a significant number of students are considered low-income, which means the school
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received additional federal funding. All students receive free lunch regardless of whether or not
they qualify for free or reduced lunch.
Analysis of Unit 1 Practice Test
The Unit 1 Practice Test (Appendix B) was administered at the start of this study and did
not allow students to use their notebooks. This test consisted of 12 questions with a mixture of
multiple choice and short answer queries. The content of the test focused on solving and writing
equations and inequalities. These concepts required students to do basic mathematical operations
with integers, such as addition, subtraction, multiplication, and division. To determine whether
or not the interactive notebooks actually decreased the amount of small math errors, each
question was given a score of 1 when there were no small math errors or a 0 when there was a
math error. Table 2 represents the results for each of the 12 questions, with all 84 students
represented. These data suggest that there was a lot of room for improvement before taking the
Unit 1 Test, especially on question 12, which was a short answer question. Short answer
questions require multiple steps, each step requires basic math.
Table 2
Data Collected from Unit 1 Practice Test. N=84
Question
Number
1
2
3
4
5
6
7
8
9
10
11
12

Number of Students with NO Small
Math Errors
63
13
62
25
7
13
37
39
16
21
28
4
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Number of Students with Small Math
Errors
21
71
22
59
77
71
47
49
68
63
56
80

Analysis of Unit 1 Test
The Unit 1 Test was given after students had the chance to reflect on the results of their
practice test, and students were also required to use their interactive notebooks. All 84 of my
students came to class with their notebooks complete and ready for the test. When looking at the
mean data for the Unit 1 Test and comparing that to the data from the practice test, 11 out of the
12 test questions saw improvement. Question 1 was the only question that did not show an
increase, rather a 3% decrease. This means that 3% more students made a small math error on
question 1 when they used their notebook. I believe this may have been due to the setup of the
problem, rather than the mathematical procedure needed to solve correctly. Question 2 was a
multi-step equation that required students to solve for a variable using basic math, and there was
a 33% increase of no small math errors. Question 3 only required graphing and the variable was
already isolated, so no basic math was needed. Questions 4, 5, and 6 required students to solve
multi-step inequalities using basic operations with integers, and the results showed there was
decrease in the number of small math errors. Figure 1 shows that Q4 and Q6 showed over a 60%
increase, which means that over 60% of the students did not make any small math errors on those
problems. The biggest gains were made on Q12, up 80% from the practice test to the Unit test.
Question 12, a short answer query, that asked students to write, graph, and solve an inequality.
This one question included multiple steps and covered all the concepts from Unit 1. I believe this
increase on this particular question, as well as the increase on the other questions, was a
testament to the effectiveness of the interactive notebooks.
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Figure 1
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Analysis of Exit Ticket: Unit 1 Test Reflection
As a standard practice in my class, students reflect after each major assessment. This
exercise allows me to collect both qualitative and quantitative data from my students that focused
on their perception of their learning, what they contributed, and how they thought the class could
be improved. This is a regular teaching practice of mine, and it is how I improve for the
following year, as well as how I make necessary pivots to better serve my students. The analysis
of student responses during the Unit 1 Test reflection supports the findings from the quantitative
data. Specifically, students were asked, “One a scale of 1-5, 5 being the most, how much did you
improve from the practice test (no notebook) to the actual test (with your notebooks)? The
average score for this question was 4.1, and the median and mode were 4. The Exit Ticket asked
them if they felt like the notebook helped them improve their score, and all but two students
stated that they believed their improvement was due to being able to use their interactive
notebooks. Table 3 organizes each question with the discovery of common patterns and
dimensions, supported by the inclusion of student quotes.
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Table 3
Exit Ticket questions, trends, and student quotes
Exit Ticket Question
Does your final grade accurately
reflect your understanding? Why or
why not?

Trends in Student Answers
Majority of students felt that their
grade was a true reflection of their
grade. Many went on to state that
their notebooks helped them.

Select Student Quotes from Exit
Tickets
“Yes, my grade reflects on my test
because it sees how I improved.”
“No not really because I had to use
the notebook to help me with the
test”
“Yes, it does. The test is not as
difficult as it is without the notes
and stuff.”

On a scale of 1-5, 5 being the most,
how much did you improve from
the practice test (no notebook) to
the actual test (with the notebook)?

Most students claimed to see
improvement. There was one
outlier who did not use their
notebook as much on the Unit 1
Test.

“6 There is a huge difference”
“5, I improved a lot the notebook is
very helpful sometimes if want to
get the understanding of it”
“On a scale of 1-5, I pick a 3
because I used my notebook but I
also asked for help in the test, but I
know I feel like I did way better on
the actual test than the practice
test.”

How high was your anxiety on a
scale of 0-5, 0 being nonexistence
and 5 being extremely high?

Most students were mildly anxious
to take the test. Some just because it
was a test, while others because it
was a math test. There were also
many that stated their notebooks
reduced their anxieties.

“My anxiety was a 0 because I
wasn't nervous and actually felt
confident of my work.”
“3 because I was scared and in
math, I get stressed out real quick”
“My anxiety was at a 5 and above
because I was watching everyone
else get their test done and I had to
wait and all I could think about was
my grade and if I was going to
understand the questions.”
“My anxiety was around a 1 with
my notebook because I know that
my notebook helps me understand
the questions. And it was around a
3 without my notebook because I
was afraid, I wasn't going to
understand the questions and stress
out.”
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Exit Ticket Question

Trends in Student Answers

What percentage of your notebook
was complete? For 100% you must
have something on every page (133).

Most students had 96% of their
notebooks completed because many
of them did not choose to create a
reference sheet for the test. The
reference page was optional since
there was already a table of context
page that could be used. The
reference page made it quicker to
find what they were looking for
specifically for the test question

Do you think the notebook helped
you improve?

What class activity helped you
prepare for the assessment?

What could we do to make the class
better?

Select Student Quotes from Exit
Tickets
32/33 = 0.96(-) x 100 = ~96%
(Yes, I regret not taking the time to
write down notes immensely.)”
“A mere 99.5% of my notebook
was complete (expect for page 33
since that was optional).”
“My notebook was 100% complete,
yes, I do have something on every
page.”

A vast majority stated that the
notebooks lead to their
improvement. There was only one
outlier who said they did not
reference their notebooks much
during the test.

“Yes. I think the notebook is very
helpful and useful when it comes to
taking a test because you can
always look back at it.”

The majority of respondents stated
that the notebooks most helped
them prepare for the test. There was
also a frequent reference the
practice test in responses.

“The notebooks.”

Many students commented on the
teacher’s rapid speech and speed
through problems. Another
common pattern in responses was
students wanted to continue taking
notes.

“Talk a lot slower because you talk
way too fast for me”

“No because I didn't really use the
notebook.”

“A class activity that helped me
was writing down the notes because
the notes are very useful, and it
gives me something to look back on
and the practice test helped me
make sure that I knew how to solve
every problem.”

“Continue writing notes.”
“I think what could be better is if
the teacher could go a little slower
when explaining so that everyone
can understand the lesson at hand.
(At a pace that everyone can catch
up)”

Analysis of Unit 2 Test
This test was included in this study to discover whether or not students would choose to
use their notebooks and to add validity to the findings as I wanted to eliminate limitations that
would arise with just one data point. There were two short answer questions (Questions 11 & 12)
that required students to use basic mathematical operations involving integers, and there were
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fewer small math errors than I have seen in years past. Because the other 10 questions were not
aligned with the same standards as the Unit 1 Test, they also did not require basic operations
with integers; thus, these data were not included in the analysis. Table 3 shows the results from
these two questions from the Unit 2 Test that closely mirrored that of the test questions from the
Unit1 Test. These two questions had multiple steps that required students to complete a table and
write, solve, and graph an equation. The average score on the test was an 85%, which is a B
average. In past years, before I implemented interactive notebooks, the average grade for the
Unit 2 assessments were between 70-75%. This suggests that the interactive notebooks do help
students to improve their overall grade on assessments.
Table 4
Unit 2 Test Data
Question
Number
12
13

Number of Students with NO Small
Math Errors
60
66

Number of Students with Small
Math Errors
24
18

Summary
The purpose of this action research project was to explore how interactive notebooks
could be used as a tool to decrease the amount of small math errors on summative assessments.
An intervention that was conducted over a 10-week period showed that the use of these selfcreated interactive notebooks had a positive impact on students’ overall scores on summative
assessments. A positive perception of notebooks also emerged in written student responses. Data
analysis of three different assessments and Exit Ticket was conducted to support this
investigation.
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Most of the information consisted of quantitative data gathered from three tests. The first
was the Unit 1 Practice Test (Appendix B), where students could not use their notebooks. This
assessment measure was used to gather a baseline, against which the assessments where students
used their interactive notebooks could be compared. Next was the Unit 1 Test (Appendix C),
where students were required to use their notebooks. Through comparing the two, it was clear
that there was improvement with the use of their notebooks. A third test was given, the Unit 2
Test (Appendix E), where students had the option to use their interactive notebooks, which
further supported the earlier findings that the interactive notebooks helped students. There was
one Exit Ticket (Appendix D), which provided qualitative data. The Exit Ticket asked students to
reflect on their Unit 1 Test and the use of their interactive notebooks. Analysis of these data
suggests that students felt more comfortable taking their test with their interactive notebooks and
that they felt like they improved a lot from the practice test, which they had taken without the use
of their notebooks, to the actual test with the use of notebooks. Overall, the data suggests that the
interactive notebooks are a useful tool for a math classroom and can help to reduce the amount of
small math errors on a summative assessment.
In the following chapter. I will discuss the results of this study further and compare them
with the some of the studies mentioned in the literature review. I will further explore the
implications of this study and conclude with my plan for this work as a transformative teacher
leader in the future.

50

Chapter V
Conclusions and Next Steps
Math is a nationwide struggle, and as technology continues to advance, the need for
memorization lessens. This is why a reference guide, like an interactive notebook, is needed in a
math classroom (Drew, 2018). If math teachers want to see overall improvement on summative
assessments scores and retention of basic math facts, then implementing new research-based
practices in the classes is a must. As Carol Dweck (2006) states, the learning never stops. It is
important that teachers reflect on their teaching practices and look for ways to improve to ensure
students future successes.
Within the inner-city classroom where this action research took place, I heard students
say things like, “I have never passed a math class” and “I just can’t do math.” Statements such as
these indicated that my students had a fixed mindset, that in some math class before mine, they
had been told that they could not do math. A test could have contributed to this perspective, or a
peer, or even the teacher. So often, students allow singular experiences to define who they are.
This suggested that my students needed to experience some wins in the classroom, meaning they
needed to see for themselves that they were capable to mathematical success.
The use of interactive notebooks was selected as an intervention strategy to research
because it was not yet a tool widely used within mathematics classrooms. Research showed that
study skills must be explicitly taught (Eunsook Hong et al., 2006; Mireles et al., 2011; Dodeen et
al., 2014). Some researchers went a step further to say that one of the study skills must be notetaking, specifically to improve math retention (Mallozzi & Heilbronner, 2013; Salame &
Thompson, 2020; Blackwell & McLaughlin, 2005). Even further, there were a few authors that
specifically discussed the successes of the use of interactive notebooks in their classes (Fajardo
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et al., 2019; Twar, 2011; Drew, 2018; Mason& Bohl, 2017). Lastly, I had personally experienced
the benefits of using interactive notebooks in my classroom before the COVID-19 pandemic.
Thus, I believed that incorporating these notebooks into my daily classroom practices would
support my students’ overall success in my class and potentially their future math classes.
Consequently, the action research question explored was: How will interactive notebooks affect
students' retention of foundational math skills?
The previous chapter, Chapter IV, examined the findings from the triangulation of data
gathered during this action research study. These data support that interactive notebooks had a
positive impact on students’ retention of basic math facts and thus decreased the amount of small
math errors on assessments. This chapter is broken into the following five sections: summary of
findings, interpretation of findings, limitations, summary, and plan for future action. The
summary of findings focuses on the data gathered from the three summative assessments: the
Unit 1 Practice Test, the Unit 1 Test, and the Unit 2 Test. The interpretation of findings section
includes details of the effects of the interactive notebooks on students’ test scores and overall
attitudes towards math. The next section discusses the limitations of this study, and the fourth
section summarized the entire action research project. Lastly, the fifth section will discuss my
plan for future action and how I will respond to my findings from this action research.
Summary of Findings
A total of three Unit tests were given during a 10-week period in my Algebra 1
classroom. After an analysis of these results, an increase in student assessment scores after the
implementation of interactive notebooks is apparent. Specifically, students took the Unit 1
Practice Test (Appendix B) where they were not allowed to use their notebooks, which was then
compared with their results on the Unit 1 Test (Appendix C) two weeks later, where they did use
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the interactive notebooks. After completing the Unit 1 Test, students completed an Exit Ticket to
reflect on their learning (Appendix D). This Exit Ticket consisted of both qualitative and
quantitative data. The intervention continued with the instruction and assessment of Unit 2
content. To explore how students relied on their interactive notebook, students were given the
option to use or not use their notebooks for the Unit 2 Test (Appendix E).
Unit 1 Practice Test
The analysis of the data gathered from the Unit 1 Practice Test, where students could not
use their notebooks, showed that students were not retaining basic math facts, and thus making
small math errors, ultimately costing them points on their summative assessments. There was a
total of 12 questions, and during analysis, each question was assigned a number from 0-1, with 0
meaning a small math error was made and 1 meaning that no small math errors were made. Of
the 12 questions, majority of students only showed mastery one of the questions: Question 3.
Question 3 had a mean of almost 75%, meaning that 75% of students showed mastery, whereas
the results of the other 11 questions showed only a 30% mastery of basic math facts or less.
Unit 1 Test
The Unit 1 Test also consisted of 12 questions. This assessment resembled the practice
test in that the same types of questions were present on this version as well. Each question was
assigned a number on the same scale as the practice test; 0 for a small math error and 1 for no
small math error. This test was given after students had time to review the practice test with their
notebooks. Students were required to use their notebooks on the Unit 1 Test. The data analysis
from the Unit 1 Practice Test was then compared to the data analysis of the Unit 1 Test. Analysis
indicated a decrease in small math errors on 11 out of the 12 test questions. This evidence
supports the notation that interactive notebooks can be helpful in a math classroom.
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Exit Ticket
The Exit Ticket included seven questions designed to provide students space to reflect on
their learning during Unit 1. Two of seven the questions asked for responses on a Likert scale of
0-5 with a written response to explain their rating. This analysis provided a glimpse into how the
students felt about their learning and how they felt about their notebooks. The analysis suggested
that students generally felt more confident when they could use their notebooks and that students
also felt that their performance improved from the Unit 1 Practice Test to the Unit 1 Test.
Unit 2 Test
This test allowed students to choose whether or not they wanted to use their notebooks. It
should be noted that all 84 students choose to use their notebooks. This test also had 12
questions, but only two of them were the same question types from the Unit 1 Test. I focused my
analysis on these two questions, Question 11 and Question 12. These two questions required
students to write, solve, and graph an equation; this was what they were assessed on in Unit 1. I
included these two questions on the Unit 2 Test to show the connection between what was
learned in Unit 1 and Unit 2, which is a standard assessment practice of mine. This worked in
favor of this action research study because I was able to compare apples to apples for a second
time. The data analysis showed that students did well on these two questions, not as well as they
had on the Unit 1 Test, but it showed that over 70% of students did not make a small math error
on either question. The questions were different from that of the Unit 1 Test but required the
same pre-requisite skills.
Interpretation of Findings
Analysis of quantitative and qualitative data collected from this action research project
suggests that the use of interactive notebooks in a math class can reduce the amount of small
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math errors on a test. I drew the following conclusions: the use of interactive notebooks had a
positive impact on students’ summative assessment scores and their overall attitudes towards
math. In terms of quantitative data, scores from the Unit 1 Practice Test to the Unit 1 Test
showed an upward trend with students scoring higher on the latter exam. The Unit 2 Test data
also convey that over 70% of the students retained the information from Unit 1 and showed
mastery on the Unit 2 Test. Thus, these data suggest that interactive notebooks increased
retention of basic math facts as shown in the decrease in the amount a small math errors made on
a summative assessment.
The Effects of the Interactive Notebooks on Test Scores
According to the data analysis, there was an increase in the number of students who did
not make small math errors on their Unit 1 Test when compared to the Unit 1 Practice Test
(Figure 1). What was most remarkable about these results was that there was exponential growth
on 11 out of the 12 questions. For example, question 11 saw a 50% increase in basic math
retention and question 12 saw an 80% increase. Question 1 was the only question that students
did not show improvement on. Upon reflection, I believe the lack of an increase in scores on
Question 1 may have been the way that the question was set up. This question was a one-step
equation, which are mostly written with the variable, usually x, on the left side of the equation.
However, on the Unit 1 Test, the unknown variable was on the right side of the equation. It is
possible that this change could have led to student confusion. Also, Question 3 only saw a 20%
increase, whereas the other 10 questions saw an increase of 30% or more. I believe the lesser
increase on Question 3 may have been because Question 3 asked students to graph an inequality
which was a standard that my students had done well on throughout Unit 1. Students were
already scoring high on this question on the Unit 1 Practice test. The other 10 questions saw a
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30% or more increase. This means that on more than 80% of the test, student demonstrated
improvement and made far less small math errors. I was most surprised by the 80% increase on
Question 12. This was a short answer question that required students to write, solve, create a
table, and graph an equation. This question required multiple steps that included operations with
integers, which are the basics of mathematics. I believe that students showed the highest increase
from the practice test to the actual test because this was a real-life example. Students could relate
to what the question was asking and could apply it to their daily lives. This interpretation is
consistent with the findings in the study conducted by Drew (2018), where they found that using
interactive notebooks helped students learn new skills and relate the math to their real lived
experiences.
Similar upward trends from the Unit 2 Test were also observed. The Unit 2 Test also had
12 questions but only two were like the questions from the Unit 1 Test. Thus, those two
questions are the only ones included in the analysis. Over 70% of the students did not make any
small math errors on the two questions. This trend suggests that not only did the students retain
the information from Unit 1, but it also implies that the interactive notebooks were a useful guide
for the participants. The data suggest that the students understood the concepts and that the
interactive notebooks helped them to show mastery by being a reference for basic math facts.
The Unit 2 Test was interesting because students were not required to use their notebooks, but all
84 of the participants showed up to their test with their notebooks. I expected to have students
who forgot or lost their notebooks by the time they took the Unit 2 Test, but they did not. This
indicates that students see a purpose to their notebooks and demonstrate a willingness to use
them. I also believe that was a contributing factor to the overall scores on the test going up
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compared to past years: this year, the average score was 84%, which is about a 10% increase
from past years.
The Effects of the Interactive Notebooks on Students’ Attitudes towards Math
The qualitative data gathered from the Exit Tickets imply that students felt that the
notebooks contributed to their improvement. Students expressed sentiments such as, “I improve
by a lot, I almost had all of them wrong in practice test, 5” and “I improved a lot the notebook is
very helpful sometimes if want to get the understanding of it.” (Table 3). Students also rated the
notebooks impact on their improvement from the Unit 1 Practice Test to the Unit 1 Test. The
rating scale was 1 to 5, 1 being little impact to 5 being the most impact. The mean of these
responses was just over 4. This score suggests that the students themselves recognize the impact
of notebooks on their academic success. Using the Exit Ticket to ask the students open ended
questions incorporated student voice in the way the class is conducted. Student voice supports in
increasing buy in and motivation from student to complete any task being asked of them.
The results presented in Table 3 also suggest that students felt a mild amount of anxiety
going into the Unit 1 Test because of they got to use their notebooks. I believe it would have
been higher if they could not sue their notebooks because, through teacher observations, they
looked visibly anxious when they took the Unit 1 Practice Test without the notebooks. On the
Unit 1 Test students were more focused, I saw many of them reference their notebooks, and they
also said as much coming and going from the classroom. This was also supported by the data
comparison between the Unit 1 Practice Test and the Unit 1 Test, (Figure 1). The Exit Ticket
asked them how complete their notebooks were. This ranged from 33-100% complete. Most did
not do the last page (p. 33) because it was an optional reference guide to use to navigate their
notebook more quickly during the test. A study done by Dodeen et al., (2014) found motivation
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to study was linked to students’ interest in the subject, and that the more students prepared for
assessments the less anxious they felt going into the exam. This proved to be true because the
interactive notebooks were allowed during the test and thus decreased students’ anxiety during
the test.
Reflection on Limitations
Several limitations existed within this study. Specifically, this action research study took
place within a 10-week period, making the limitations of time a constraint as it takes several
weeks to teach a unit and add the necessary notes into an interactive notebook. Furthermore,
there is no guarantee that the improvement of scores was not also due to external factors, like
adjusting to high school or being back in person for the first time since the start of the COVID 19
pandemic. A longitudinal study where students are tracked over multiple years would add to the
understanding of how interactive notebooks supported students’ learning over time. This
approach would strengthen the conclusion and afford more evidence about the impact of
notebooks and or the environment on student performance. Testing this theory with multiple
teachers in different mathematical subjects is also recommended for greater depth and
applicability. Though my sample size was not small with 84 participants, the demographic of my
students was mostly Latinx. I would like to see this study conducted in a more diverse
population.
Furthermore, students could have improved from the Unit 1 Practice Test to the Unit 1
Test because they had already seen a different version of the same test. Though giving a practice
test is a standard practice in my class, I cannot say definitively that the practice test does not
contribute to the overall success on summative assessments. Also, by the time students took the
Unit 2 Test, they would have been more accustomed to the daily classroom routines and may
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have developed a stronger relationship with me and their classmates. Relationships take time to
curate, and students were in my class for almost five months by the time they took the Unit 2
Test. This made it easier for students to ask for help before, during, and/or after class. Another
limitation is that I was both the teacher and the researcher. This meant that I proctored all tests
and assigned the Exit Ticket, and I also aggregated and analyzed the data.
Summary
My action research question was how will the use of interactive notebooks affect
students’ mathematical retention of foundational math skills? This question anchored my
teaching practices during the action research study, as well as after the data were collected. The
use of interactive notebooks is central to my teaching practice. Students at my school continue to
perform below grade level in mathematics (school website, 2021). And so, as a school we are not
doing a good job teaching mathematics. This study speaks to the urgency of intervention and
support for all students. The studies researched for this project indicated that explicitly teaching
study skills such as note taking, contributed to higher success on assessments and specifically
and increase in math retention, (Hong et al., 2006; Mireles et al., 2011; Dodeen et al., 2014;
Mallozzi & Heilbronner, 2013; Salame & Thompson, 2020; Blackwell & McLaughlin, 2005,
Fajardo et al., 2019; Twar, 2011; Drew, 2018; Mason& Bohl, 2017). My goal was to address this
problem by using the tool of interactive notebooks, with the hopes of increasing math retention
of basic math facts, thus reducing the amount of small math errors on a summative assessment.
The theoretical rationale consisted of Carol Dweck’s (2006) growth mindset and Geneva
Gay’s (2018) culturally relevant teaching. These two theorists combine high expectations with
authentic care, which is a recipe for positive impact. Gay (2018) describes this as, "caring
teachers expect (highly), relate (genuinely), and facilitate (relentlessly)" (p.57). Another quote
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from Geneva Gay (2018) is, "Rather caring teachers…seek to know what these strengths or
assets are, and to act relevantly and responsively to facilitate students' further growth and
development" (p. 59). Knowing that I expected my students to be engaged in their learning and
specifically with the activities done in the notebooks, I needed to first see them for who they said
they were. The work of these two theorists helped me to do that with my students before this
action research began.
This action research study was conducted over a 10-week period. Participants did
multiple activities in their notebooks, took three tests, and completed one Exit Ticket. After a
thorough analysis of the triangulation of data sources, I inferred that the interactive notebooks
did assist in decreasing the amount of small math errors on summative assessments, and thus
increased retention of basic math facts. Due to the limitations of this study, more work needs to
be done over multiple years in different math classes, to further suggest that the interactive
notebooks are a useful tool in mathematics.
Plan for Future Action
The findings suggest that the use of interactive notebooks to decrease the amount of small
math errors on an assessment is useful and worth the time it takes to develop the actual
notebooks. I plan on presenting my finding to the high school math department at one of the
department meetings before the end of the academic year. I am also willing to partner with any
teacher who is interested in implementing interactive notebooks in their classrooms next year
and furthermore plan to share all my resources with any teacher who is interested in
implementing interactive notebooks next year. I know that there never seems to be enough time
to get through all of the standards, and that this could potentially be a deterrent for teachers to try
interactive notebooks, but my hope is that anyone who is hesitant will be encouraged by the
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results of this study which suggests the use of effective tools like interactive notebooks are worth
the time investment.
I also plan to work closely with the geometry teacher, who will have my current students
next, to encourage the use of the notebooks that students created in Algebra 1. I also plan to
encourage the geometry teacher and my students to add to their Algebra 1 notebooks and create
an Algebra 1/Geometry notebook to use in Algebra 2. Having a yearlong gap between Algebra 1
and Algebra 2 leaves a lot of room and time to forget necessary information. My hope is that
interactive notebooks could continue to be a reference guide throughout all the future math
classes my students take.
I am ultimately hopeful that other teachers will see that the benefits of interactive
notebooks are worth the time that it takes to create and maintain the interactive notebook. I also
hope that my work will inspire others within my school community and beyond to explore how
to incorporate interactive notebooks within their classes.
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Appendix A
Teacher Copy of Interactive Notebook
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Appendix B
Unit 1 Practice Test
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Appendix C
Unit 1 Test
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Appendix D
Exit Ticket: Unit 1 Reflection
1. Does your final grade accurately reflect your understanding? Why or why not?
2. On a scale of 1-5, 5 being the most, how much did you improve from the practice test (no
notebook) to the actual test (with the notebook)?
3. How high was your anxiety on a scale of 0-5, 0 being nonexistence and 5 being
extremely high?
4. What percentage of your notebook was complete? For 100% you must have something
on every page (1-33).
5. Do you think the notebook helped you improve?
6. What class activity helped you prepare for the assessment?
7. What could we do to make the class better?
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Appendix E
Unit 2 Test
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Appendix F
Student Notebooks
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